Introduction: Infiltration anesthesia (IA) is the method to anaesthetize maxillary teeth successfully. In contrast, intraligamentary anesthesia (ILA) has been used as supplementary anesthesia during tooth extraction, particularly when regional block anesthesia has failed. In this study, we compare the efficacy of and patient satisfaction with ILA vs IA when extracting maxillary first molar teeth. Methods: Forty patients were enrolled in this study and 80 maxillary first molars extracted. All patients served as their own control, with ILA as the experimental side and IA as the control side. The two techniques were compared for efficacy using a visual analog scale (VAS) and patient satisfaction compared using a verbal rating scale (VRS). Results: The mean VAS pain score for extraction using ILA was lower than that for IA (20.30±3.18 and 13.93±1.95 mm, respectively; P<0.001). For injection pain, the mean VAS pain score in the ILA side was higher than the IA side (42.28±4.51 and 31.73±3.1 mm, respectively; P<0.001). VRS results showed a higher number of patients who felt that pain during ILA was greater than expected compared with IA. Conclusion: IA appears less painful during injection compared with ILA, and provides sufficient pain relief during extraction. However, ILA can be used when IA fails to achieve the desired pain suppression, as it provides higher extraction-pain relief.
Introduction
Extraction of maxillary first molar teeth is commonly done due to different indications, including teeth affected by intractable caries and periodontitis, hypomineralization, or hypoplasia, tooth fracture, and various endodontic and periodontal problems. 1 Moreover, the extraction of maxillary first molars results in significant improvement in the position of second and third molars, thus reducing the incidence of their impaction. 2, 3 Extraction of first molars is challenging for both the patient and the dentist, mainly due to difficulties in achieving sufficient anesthesia. 4 The existence of dental nervous plexus, which is composed of specific neuronal pathways at the base of the alveolar nerves, has been described in dissections 5, 6 and reported in text. 7, 8 This plexus and possible resultant cross-innervation may explain some of the variations observed in achievement of anesthesia of the maxillary first molar. Posterior superior alveolar nerve (PSAN) block is associated with many complications, and does not always provide successful anesthesia for extraction of maxillary
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Ryalat et al first molars: it usually needs to be supplemented by buccal and palatal infiltration. 9, 10 Complications related to PSAN block are more common than other types, including tissue blanching, positive aspiration, and ocular complications. 11, 12 Infiltration anesthesia (IA) and periodontal intraligament anesthesia injection (intraligamentary anesthesia [ILA]) overcome many of these possible complications, as the mechanism and the need for subsequent injections are different. 11 In IA, the needle penetrates the mucobuccal fold to deposit the solution at the level of the apices of the buccal roots of the teeth. It is the method of choice to anaesthetize maxillary first molars successfully. 13 In contrast, ILA has been employed for many years as a means of achieving complete anesthesia in a tooth when regional block anesthesia has previously failed. Few adverse responses have been reported during or after injection.
14 An important issue to consider is that the use of the ILA and IA are contraindicated in the presence of acute infection at the site of administration. 15 In light of this controversy regarding the best anesthesia to use, we aimed to compare the efficacy of IA vs ILA for extraction of maxillary first molars.
Methods
This study was approved by the scientific committee of the Faculty of Dentistry, University of Jordan. Ethical approval was obtained (approval 1359) in accordance with research policy at Jordan University Hospital. Patients who attended the Jordan University Hospital Department of Oral and Maxillofacial Surgery were selected according to inclusion criteria of:
• bilateral maxillary first molar teeth indicated for extraction under local anesthesia • no severe systemic disease contraindicating tooth extraction • ability to understand given instructions fully Exclusion criteria were:
• existence of acute infection and/or swelling at the time of surgery • inability to tolerate the removal of the teeth concerned under local anesthesia • inability to obtain informed consent • severe systemic disease contraindicating tooth extraction
We obtained informed written consent from patients or their guardian (if the patient was <18 years of age). Before administration of the local anesthetic, each patient was instructed by the operator on the visual analog scale (VAS) being used, composed of a 100 mm line (0-100 mm, where 0 represents no pain and 100 maximum pain), and the verbal rating scale (VRS), consisting of one question: How is the pain of the extraction: less than expected, as expected, or greater than expected? During the first 5 minutes following completion of anesthetic injections, patients completed the scales to assess the amount of pain they experienced for each injection, and the mean score was taken for multiple injections.
Injection techniques with randomization
The method of anesthesia used for the left or right side was randomized by the surgeon providing it. The surgeon administered ILA to the right side for one patient and then to the left side for the following patient, and so on for IA. Regarding the sequence, the surgeon always started with the right side (regardless of the type of anesthesia). This selective randomization was blinded for the surgeon doing the extraction. The type of anesthesia was lidocaine 2% with 1:80,000 epinephrine for all injections (Xylestesin A; 3M, Saint Paul, MN, USA).
All patients received ILA on one side as the experimental side and IA on the other side as the control. Accordingly, on one side, ILA was performed through injections in the periodontal space at a slow rate of administration (0.2 mL/ root) over 30 seconds per root, using a conventional syringe with a 30-gauge, extra-short needle. A standard aspirating dental cartridge syringe was employed for the IA.
Extraction technique
To ensure blinding, two surgeons were involved: one for the anesthetic technique and another for the extraction. The surgeon performing the extraction was not involved in giving the injections, and did not know which side received which anesthetic technique. A consistent surgical technique with elevator and forceps was used. The side of ILA or IA was chosen randomly by the surgeon giving the anesthesia and blinded for the surgeon doing the extraction. None of the surgical procedures involved mucoperiosteal flap raising, bone removal, or suturing. Following completion of each extraction, VAS and VRS were completed by the patient.
Additional anesthesia
If an unacceptable degree of pain or discomfort were experienced during extraction, the surgical zone was reanesthetized by buccal infiltration. An additional 0.2 mL/tooth local anesthetic was administered to the palate when the degree of pain or discomfort was still unacceptable after an additional 5-minute delay, and the step was recorded. 
Results
Forty patients (29 males and eleven females, mean age 32.15 years) from Jordan University Hospital's Department of Oral and Maxillofacial Surgery were involved in this study. There were 80 maxillary first molar teeth extracted in total: eleven for orthodontic purposes, 21 periodontally involved, 12 fractured, ten with periapical lesions, and 26 that were profoundly carious. The mean VAS pain score for injection in the ILA side was 42.28±4.51 mm, while that for the infiltration side was 31.73±3.1 mm. The difference between the means of the two methods was statistically significant (P<0.001, paired-sample t-test; Table 1 ). The mean VAS pain score for extraction using ILA was 20.30±3.18 mm, while that for IA was 13.93±1.95 mm. There was significant difference between the two sides (P<0.001; Table 1 ).
For extraction pain in the experimental side (ILA), 30 of 40 patients (75%) indicated that it was "as expected", none indicated it was "less than expected", and ten rated it as "greater than expected". For extraction pain on the control side (IA), 26 of 40 patients (65%) indicated that it was "as expected", nine indicated that it was "less than expected", and only five rated it as "greater than expected" (P=0.006; Table 2 ). Furthermore, six of 40 patients required additional buccal infiltration without palatal injection for extraction pain at the experimental side (ILA) compared with 15 of 40 patients on the control side (IA; buccal and palatal), the difference approaching statistical significance (P=0.064; Table 2 ).
Discussion
Pain constitutes a large component in dental anxiety, where two main sources for dental pain are identified: pain from the procedure (eg, tooth extraction) and pain before the procedure (eg, injections). 16 In this study, where we compared pain scores for both anesthetic injection and extraction of first molars, we found that mean VAS pain score for extraction using ILA was lower than that for IA. Considering injection pain, the mean VAS pain score in the ILA side was higher than the IA side.
Knowledge of the branching patterns of the trigeminal nerve, additional innervations, and presence of accessory canals and foramina should be carefully considered when choosing the best anesthetic plan for optimizing oral surgery procedures. 17 ILA has been employed for many years, with a high success rate achieved using several techniques. 14, 18 A study found that both intraligamentary and intraosseous injections are effective techniques and can be used as an alternative when other techniques fail. 19 In a randomized trial comparing different techniques of anesthesia for mandibular teeth in patients experiencing pulpitis, IA allowed more painfree treatment than ILA. 20 In posterior maxillary tooth extraction, a common technique used is the PSAN block, with a success rate of 70%-100%. 21 However, some patients complained of inadequate sensory blockade at the time of extraction and required augmentation with an additional buccal and/or 
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Ryalat et al palatal injection. Possible complications associated with PSAN block include transitional diplopia, damage to the pterygoid venous plexus, and hematoma formation. 9, 12 Local ILA may prove more efficient than PSAN block, especially in those with inadequate sensory blockade. This may be due to the more accurate and direct root anaesthetization in ILA. 8 However, this technique was shown here to cause a slightly higher pain response during injection compared to IA. Moreover, ILA is associated with higher blood levels of epinephrine and the anesthetic agent, which might lead to several cardiovascular changes. 22 Therefore, the ILA technique should be considered as an alternative when IA fails to provide adequate sensory blockade. It is also used as a supplement by most dental practitioners, because it does not yield consistently deep-enough anesthesia during dental procedures. 23 The ILA is recommended for use in extraction of teeth with irreversible pulpitis. 24 The result of the first published clinical assessment of ILA showed that success rates ranged from 60% for endodontic therapies to 100% for periodontal therapies and tooth extraction.
14 Similarly, previous investigations have confirmed that pulp anesthesia with IA or the nerve-block technique is more difficult to achieve in the presence of irreversible pulpitis or unhealthy teeth compared to normal healthy ones. 17 
Limitations
In this study, only one anesthetist and one surgeon performed all the work, so operator experience in either type of anesthesia was ignored. Future studies should consider investigating differences in mean VAS scores for different indications for extraction. Future studies should also pay more attention to the incomplete randomizations that may be due to specific signs associated with each anesthetic technique (eg, puncture marks).
Conclusion
ILA-and IA-injection techniques may be used in dentistry to induce local anesthesia. However, although both techniques provide alternative approaches to establishing effective anesthesia for extraction of maxillary first molar teeth, IA appears less painful during injection and provides sufficient pain relief during extraction. However, ILA can be used when IA fails to achieve the desired pain suppression, as it provides higher extraction-pain relief.
